Microcrystalline naphthalene extraction has been used for the preconcentration of p-benzoquinone and tetrachloro-pbenzoquinone (chloranil), after their reaction by aniline, and later simultaneous spectrophotometric analysis by genetic algorithm-partial least squares (GA-PLS) calibration. The chemical variables affecting the analytical performance of the methodology were studied and optimized. Under the optimum conditions i.e., [aniline] = 0.05 M and [naphthalene] = 2.2% (w/v), preconcentration of 25 ml of sample solution permitted the detection of 0.32 and 0.23 µg ml -1 for pbenzoquinone and chloranil, respectively. The predictive abilities of partial least squares regression (PLS) and genetic algorithm-partial least squares regression (GA-PLS) were examined for simultaneous determination of two quinones. The GA-PLS shows superiority over other PLS methods due to the wavelength selection in PLS calibration using a genetic algorithm without loss of prediction capacity, provides useful information about the chemical system.
Introduction
The microcrystalline naphthalene extraction is a solid-liquid extraction method that has received great attention in recent years. This technique is based on the distribution of analyte between the solid and liquid phases under selected experimental condition; the analyte can adsorb on microcrystalline naphthalene, and can be subsequently separated from aqueous solution along with microcrystalline naphthalene converting into the solid phase. Owing to its simple procedure, rapid phase separation, high extraction capacity and easy combination with various highly sensitive detectors, solid-liquid extraction with microcrystalline naphthalene has great prospects in the trace analyses. [1] [2] [3] [4] [5] Quinones are compounds of wide occurrence in nature. Their importance in biochemistry is seen as bacteriostatic materials 6 in antifungicidal action 7 in the inhibitory influence on certain enzymes like carboxylase and urease 6 and in the antitumor activity, which makes some quinones useful in cancer chemotherapy. 8 In addition the role of vitamin K in blood clotting makes it desirable to have an accurate and sensitive method for the analytical determination of these quinones. Various methods commonly applied for quinone determinations have been cited in the literature. They include compromise titrimetric methods, 9, 10 potentiometric methods, 11 and differential pulse polarography. 12 In addition, spectrophotometric methods based on reaction by several reagents were also used. [13] [14] [15] [16] [17] [18] The most proposed methods are not sensitive and selective enough and there are demands for more sensitive methods with ability to perform simultaneous determinations of closely related quinones.
Partial least squares (PLS) method is the most widely used regression method in chemometrics. [19] [20] [21] On the contrary to what occurs with a principal component regression (PCR) calibration, for a PLS calibration it is known that information from the concentration values is introduced into the calculation of the so-called latent variables; thus, it may be that eliminating some wavelengths after variable selection will change the structure and/or the order of the latent variables of the PLS model. Consequently, in practice, spectral wavelength selection continues to be a process of interest because a selection procedure which optimizes the prediction capacity will lead to those wavelengths for which the analyte of interest absorbs and where its absorbance is different from those of other analytes. In other words, this procedure leads to the rejection of wavelengths not related to the analyte of interest.
Selecting from the full spectrum the wavelengths that result in the maximum accuracy is still a challenging task, mainly when spectra display strong overlapping and have imperceptible distinctive features, as is the case with UV-VIS spectrophotometry. Several approaches for overcoming this have been proposed to select optimal sets of variables for multivariate calibration, such as the "branch and bound" algorithm commonly applied in combinatorial optimization, 22 the least condition number of the calibration matrix, 23 generalized simulated annealing, 24 incertitude modeling, 25 genetic algorithms, [26] [27] [28] [29] artificial noise introduction in PLS modeling, 30 analysis of weights resulting from MLR, 29 hybrid linear analysis, 31 hierarchical multiblock PLS models, 32 successive projection algorithm, 33 artificial neural networks, 34, 35 wavelet transform, 36, 37 iterative predictor weighting PLS, 38 and discriminant partial least squares.
variable selection strategies, genetic algorithms (GA) are an interesting, flexible and widely used alternative. GA are guided random search techniques inspired by natural selection mechanisms, which explore the solution space in an efficient manner and are suitable for parallel processing implementations. Genetic algorithms (GAs) [40] [41] [42] [43] have been used to solve difficult problems with objective functions that do not possess "nice" properties such as continuity, or differentiability. [44] [45] [46] [47] These algorithms maintain and manipulate a family, or population, of solutions and implement a "survival of the fittest" strategy in their search for better solutions. Whereas traditional search techniques use characteristics of the problem to determine the next sampling point, GAs make no such assumptions. So GAs are a very useful technique in the variable selection problem because the relationship between presence/absence of variables in a calibration model and the prediction ability of the model, specifically for PLS models, is very complex and the mathematical properties are unknown.
GAs search the solution space of a function through the use of simulated evolution, i.e. the survival of the fittest strategy. GAs have been shown to solve the optimization problem by exploring all regions of the potential solutions and exponentially exploiting promising areas through mutation, crossover and selection operation applied to individuals in the populations. A complete discussion of genetic algorithms can be found in Refs. 44 to 47.
In the present work we report on the results obtained in a study of the microcrystalline naphthalene preconcentration of chloranil and p-benzoquinone after the reaction with aniline and later spectrophotometric simultaneous analysis by chemometric methods. The most important aim of this work was showing the possibility of coupling the chemometric techniques with microcrystalline naphthalene extraction. To the best of our knowledge, this is the first report of simultaneous analysis of chemical compound after microcrystalline naphthalene preconcentration by chemometric methods. The predictive abilities of multivariate calibration methods, including partial least squares regression (PLS) and genetic algorithm-partial least squares regression (GA-PLS), were investigated.
Experimental

Apparatus
A Pharmacia Ultraspec 4000 spectrophotometer with 10 mm optical path cells was used to perform the spectral measurements. The digitized spectra with 1 nm increment were collected with using the Swift II software.
Reagents and solutions
All reagents used were of analytical reagent grade (Merck. Fluka and Aldrich) and were used without further purification. All solutions were prepared with doubly distilled water. A stock solution of aniline (0.34 M) was prepared by dissolving 8 g of aniline in 250 ml of distilled water. Stock solutions of chloranil and p-benzoquinone (1250 µg ml -1 ) were prepared by dissolving 0.0063 g of each analyte in 5 ml absolute ethanol. Aqueous 10%(w/v) solution of naphthalene was prepared by dissolving 10 g of naphthalene in 100 ml of acetone.
Procedures
Individual calibration. A 20-ml volume of 0.06 M aniline solution and appropriate amounts (in µL scale) of chloranil or pbenzoquinone solution were placed in a standard 100 ml flask.
After 2 min, the reaction between amine and quinones was completed. A 5.5-ml volume of naphthalene solution (10%) was added to the mixture with continuous shaking. The solution was stirred for 3 min on a stirrer-hot plate arrangement at 40˚C to obtain a clear solution of reagent and naphthalene. After the solution was cooled for 5 min, the solid mass that formed, consisting of naphthalene and reaction products of analytes with aniline, was separated by filtration on a piece of Whatman filter paper. The product of filtration was transferred to a flask and was dissolved in 2 ml of dimethyl formamide (DMF), then its absorbance spectrum was recorded. The spectrum of the relevant clear solution was measured against a blank of reagents, prepared identically. The concentration of chloranil and p-benzoquinone were between 0.25 -4 µg ml -1 and 0.35 -4 µg ml -1 , respectively. For univariate calibration, the absorbances were measured at 385 nm and 400 nm against a reagent blank for chloranil and for p-benzoquinone, respectively.
Multivariate calibration.
Each standard, prediction and synthetic mixture was prepared as follows: 20-ml of 0.06 M aniline solution and appropriate amounts (in µL scale) of chloranil or p-benzoquinone solution were placed in a standard 100 ml flask. After 2 min, 5.5 ml of naphthalene solution (10%) was added to it with continuous shaking. The extraction and preconcentration were performed according to the procedures presented in the previous section. The compositions of the samples were randomly designed in order to obtain noncorrelated concentration profiles. Genetic algorithms coupled with PLS and PLS were used for chemometric analysis of data. For all calculations, Matlab for Windows (version 6) 48 was used. GA-PLS and PLS were carried out with the PLS-Toolbox, 49 respectively.
Results and Discussion
Chloranil and p-benzoquinone are quinones with nearly identical structures. The structural difference between these quinones is based on the presence of four chlorine atoms instead of four hydrogen atoms in p-benzoquinone. Due to this similarity the absorption spectra of these quinones are also similar, so simultaneous analysis of chloranil and pbenzoquinone is simply not possible with conventional methods. The sensitivity and selectivity of simultaneous analyses of these analytes can be improved after reaction with an appropriate n-donor compound and preconcentration by microcrystalline naphthalene extraction. In the presence of excess donor (i.e. aniline), the intermediate charge transfer complex is rapidly transformed into a substitution product. The final product thus formed is now considered as a means of determining quinones. The reaction of chloranil and pbenzoquinone with aniline result in a large red shift into the visible region accompanied by increases in molar absorptivities. The nature, stability, rate and the intensity of color development produced from the interaction of both quinones with excess aniline are mainly dependent on the type of quinone and on the concentration of aniline.
Optimum conditions for microcrystalline naphthalene extraction
The effect of aniline concentration on the precision and sensitivity of simultaneous analysis was investigated. Increasing the aniline concentration increased the absorbance in all wavelengths, however due to severe overlapping of aniline spectrum with analytes in shorter wavelengths, the 0.05 M was selected as optimum concentration of aniline. The appropriate precisions were obtained by using optimum aniline concentrations.
Various amounts of naphthalene (10% (w/v) solution of naphthalene in acetone) were added to sample solutions keeping other variables constant. Figure 1 shows the effect of naphthalene concentration on measured absorbance for each quinone. The measured absorbance of extracted solution was increased by increasing the naphthalene concentration and reached to nearly fixed value after maximum extraction. The optimum naphthalene concentrations are nearly the same for both analytes. An amount of 2.2% (w/v) naphthalene was chosen in order to achieve the greatest analytical signal and thereby the highest extraction efficiency. The effect of stirring time on the adsorption indicated that the sensitivity remained constant for both analytes over a range of 0.5 -5.0 min. Therefore the 3 min of stirring time was maintained in this work.
A number of solvents were tried to dissolve the organic products adsorbed on microcrystalline naphthalene. Since the solid mass was dissolved in small volume of solvent, it was essential to select a solvent in which the considered organic products are highly soluble and these provide highly sensitivities for spectrophotometric measurements. Several solvents were tested and DMF was preferred due to the high solubilities of both analyte products. It was found that 2 ml of this solvent was sufficient to dissolve the mixture thus enhancing the sensitivity of the method. Figure 2 shows the absorption spectra for individual analytes and a mixture of them after reaction with aniline and microcrystalline naphthalene extraction. Individual calibration curves were constructed with several points as absorbance versus quinone concentration in the range 0.25 -4.00 µg ml -1 for chloranil and 0.35 -4.00 µg ml -1 for p-benzoquinone and were evaluated by linear regression. The intercepts on the ordinates are negligible in both calibration lines. The limits of detections were 0.23 and 0.32 µg ml -1 for chloranil and pbenzoquinone, respectively, as calculated according to calibration lines characteristics. 50 
Individual calibrations
Multivariate calibrations
The first step in the simultaneous determination of the two analytes by multivariate calibration methods involves constructing the calibration matrix for the binary mixtures of chloranil and p-benzoquinone. Twenty binary mixtures were selected as the calibration set. The calibration models were obtained under conditions, which the composition of binary mixtures was randomly designed. The obtained model in PLS model method was validated with a 15 synthetic mixture set containing the considered quinones in different proportions that were randomly selected.
The predictive abilities of PLS and GA-PLS were examined for simultaneous determination of chloranil and p-benzoquinone in sample mixtures. The common requirement for all the mentioned methods is that the unknown samples and standards be of the same nature. For this purpose all contributions from the analytes, interferences and matrix effects present in the samples are modeled implicitly. 51 
Partial least squares regression (PLS)
The PLS algorithm takes into account the information of responses and concentrations simultaneously. There are two procedures available to solve the system in PLS1; one model is built for each analyte by using its concentration vector whereas in PLS2, all analyte concentrations are simultaneously considered in constructing the calibration model. In this way, factors from a PLS model are calculated as those variables that describe the maximum amount of information for the concentration matrix.
Factors containing the relevant information of R and C were obtained as follows:
R being the response matrix, T and P are the score and the loading matrices associated with the response, Q and S are the score and the loading of the concentration matrix (the superscript T indicates the transposed matrix) and E and F are the unexplained information of responses and concentrations, respectively. The relationship between scores and concentrations is obtained from
where B is the matrix of the regression coefficient obtained by a least square procedure.
Once the model is built, it can be used to predict the concentration of unknown samples. The selection of the optimum number of factors was estimated by cross-validation. 52 The prediction error was calculated for each quinone for the prediction set of which the samples are not participating in the constriction of the model. The error was expressed as the prediction residual error sum of squares (PRESS). PRESS was calculated for the first variable, which built the PLS modeling in the calibration step. After that, another factor was added for the model building and the PRESS was calculated again. These calculations were repeated for one to 15 factors, which were used in PLS modeling. This procedure was repeated for each quinone. A plot of the PRESS against the number of factors for each individual component indicates a minimum value for the optimal number of factors. For finding the smallest model with fewest numbers, the F statistics was used to carry out the significance determination. 20 The optimal number of factors for both analytes was obtained as three. The results obtained from simultaneous analysis of chloranil and p-benzoquinone after microcrystalline naphthalene extraction of their reaction products by PLS method are given in Table 1 .
Genetic algorithm-partial least squares regression (GA-PLS)
Constructing the PLS model after selecting the optimal variables (wavelengths) improves the prediction capacity of the model. 53, 54 GA can be used successfully for variable selection in PLS calibration. A p-dimensional vector, w, will represent each wavelength subset selected in the spectrum with binary coordinates. If the ith wavelength is selected, then the ith coordinate of w is one, in other cases it is zero. Each w is a chromosome.
Given a chromosome (w), a PLS calibration is constructed using, from each spectrum, only the wavelengths represented by w. Each chromosome is evaluated using the PRESS(w) value reached in the calibration. The genetic algorithm searches for the minimum PRESS(w) in the space of all the possible chromosomes without establishing, a priori, the latent structure of the calibration.
At first a population P0 of npop diverse chromosomes is selected as random, where P0 = {w(j), j = 1, ..., npop}. The PRESS(w) values for P0 are calculated. The chromosome population evolves generating successive populations in the following way:
(i) For a given population Pn, let PRESSmax = max{PRESS(w), w ⊆ Pm}.
(ii) Choose two chromosomes, w1 and w2, at random with probability inversely proportional to PRESS(w).
(iii) The coordinates of w1 and w2 are interchanged with probability, pcreoss, thus obtaining two new chromosomes w3 and w4.
(iv) The value of each of coordinates of w3 and w4 mutate to their opposite values with probability pmut, w5 and w6 being the resulting chromosomes.
(v) The population Pn+1 is generated: If w5 is not in in the current population then PRESS(w5) is computed. If PRESS(w5) < PRESSmax then w5 substitutes the chromosome corresponding to PRESSmax and the new PRESSmax is computed. If w6 is not in the current population then PRESS(w6) is computed. If PRESS(w3) < PRESSmax then w6 substitutes the chromosome corresponding to PRESSmax.
(vi) While not stop, go to (i).
The best solution to each population Pn is the subset of wavelengths wn such that PRESS(wn) = min{PRESS(w), w ⊆ Pn}. In general, if the algorithm evolves correctly, the last population is made up of subset of such wavelengths has the PLS calibration and shows a sufficiently small PRESS value. The algorithm stops when ntot descendent chromosomes have been generated. Usually the procedure repeats nrep times and one admits that a wavelength is more important for constructing the calibration model the more times it is selected.
The GA was run for 160 variables (in the range 340 -500 nm) using a PLS regression method where the maximum number of factors allowed is the optimal number of components determined by cross-validation on the model containing all the variables, and the selected variables were used for running of PLS. Figure 3 shows the frequency with which each variable was preselected. For obtaining the optimum set of wavelengths for determination of each quinone, we repeated the GA procedure 10 times. Finally a wavelength was selected if the percent of selection for that variable exceeded a critical value. The thresholds of 85% and 80% were obtained for chloranil and p-benzoquinone, respectively, according to minimum errors of prediction for each analyte. Fig. 4 . The predictive ability of the method was determined using 15 two-component quinones mixtures of which the results are shown in Table 1 .
Comparison of the GA-PLS results with those of PLS shows that the GA-PLS is more suitable for simultaneous determination of these quinones. Also, the construction of the optimized GA-PLS model is summarized in Table 2 .
Interferences and real samples
For studying interferences, we tested the influence of two other quinones (1,4-naphthoquinone and vitamin K3). As expected these quinones were interfere because that these compounds also react with aniline and produce the substitute products.
The proposed methods were applied to the determination of pbenzoquinone and chloranil in three spiked water samples. The results are shown in Table 3 . The good agreement between these results and known values indicates the successful applicability of the proposed procedure for simultaneous determination of these quinones in real water samples. The comparison of the results of applying PLS method with and without wavelength selection show that the GA-PLS is more suitable for simultaneous determination of these quinones. Table 2 Optimized parameters values for GA-PLS 
Conclusions
A new method for the simultaneous determination of pbenzoquinone and chloranil using microcrystalline naphthalene extraction and multivariate calibration methods is proposed.
The results demonstrate the usefulness of the microcrystalline naphthalene extraction system to quantitatively extract and preconcentrate the products of reaction between quinones and aniline. A simple, sensitive, and inexpensive scheme for determination of important quinones was developed and optimized. It was found that the GA-PLS method is more accurate to model the considered chemical system for spectrophotometric determination of p-benzoquinone and chloranil after microcrystalline naphthalene extraction. It seems that the superiority of GA-PLS over PLS methods is due to the wavelength selection in PLS calibration. Using a genetic algorithm without loss of prediction capacity provides useful information about the chemical system. Finally, coupling the chemometric methods with microcrystalline naphthalene extraction presents a powerful tool for sensitive and selective mixture analysis.
